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Summary 

The N orthern Thunderbi rd A i r I ncorporated Beechcraft Ki ng A i r 100 (seri al number B-36, 
registration C-GXRX) departed Vancouver International Airport for Kdowna, British Columbia, 
with 7 passengers and 2pilotson board. About 15 minutes after take-off, theflight diverted 
back to Vancouver because of an oil leak. No emergency was declared. At 1611 Pacific Daylight 
Time, when the aircraft was about 300 feet above ground level and about 0.5 statute miles from 
the runway, it suddenly banked left and pitched nose-down. The aircraft collided with the 
ground and caught fire before coming to rest on a roadway just outside of the airport fence. 
Passersby hd ped to evacuate 6 passengers; f i re and rescue personnd rescued the remai ni ng 
passenger and the pilots. The aircraft was destroyed, and all of the passengers were seriously 
injured. Both pilots succumbed tothdr injuriesin hospital. The aircraft's emergency locator 
transmitter had been removed. 

Cerapport est egalement disponibleen frangais. 
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1.0 Factual Information 

1.1 H istory of the Flight 

1.1.1 Sequence of Events Before the Flight 

Northern Thunderbird Air Incorporated (NT Air) operated from a fixed -base operator (FBO) at 
the Vancouver International Airport (CYVR). Theaircraft had been in the hangar overnight, 
w h ere i t w as i nspected by N T A i r mai nten an ce person n d . A I i tre of oi I w as ad d ed to th e I eft 
engine, and all items of the inspection were signed off as complete. 



The captai n came i nto the hangar at about 1420, 1 spent approxi matel y 2 mi nutes at the ai rcraft, 
then pulled the aircraft out of the hangar, where it was fuelled. The first officer (FO) joined the 
captai n outsi de of the hangar w hi I e the ai rcraft was bei ng f uel I ed . A compl ete pre-f I i ght 
i nspection of the ai rcraft was not conducted. 

Theflight was a sub-charter for a different carrier that operated from another FBO at CYVR. 
The aircraft's engines were started, and the ai rcraft was taxied to the other FBO to pick up the 
passengers. During the loading of the passengers, a small puddle of oil under the left engine 
w as poi nted out to th e p i I ots. Th e captai n ackn ow I ed ged th e oi I , but n o f u rth er acti on w as 
taken. The FO carried out the passenger briefing, which included a demonstration of the main- 
door operation. Theaircraft departed the FBO at about 1535. 



1.1.2 Accident Sequence 



Theaircraft departed CYVR at 1541, on an instrument flight rules (IFR) flight plan, as 
Thunderbird Flight 204 (NT204) to Kdowna, British Columbia. The captain was the pi lot flying. 
Theflight was uneventful during departure and during its climb to about 16 000 feet above sea 
levd (asl). Approxi matdy 15 minutes into 
theflight, the crew identified an oil 
problem. Oil was leaking from the left 
engine. The FO contacted Air Traffic 
Control (ATC), and recdved a clearance to 
return to CYVR. The captain initiated a 
turn toward CYVR, and reduced the 
power for the descent. The passengers 
were informed that there was an oil leak 
(Photo 1) and that consequently, theflight 
was going to return to CYVR. About 5 
mi nutes after the turnaround, the 
"Abnormal" checklist for low oil pressure 
(Figure 1) was consulted. 




Photo 1. Left-engine oil leak 



i 



A 1 1 ti mes are Pacific Dayl ight Ti me (Coord i nated U ni versal Ti me mi nus 7 hours). 
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LOW OIL PRESSURE 



40 PSI - 80 PSI: Undesirable, reduce power to continue flight 

BELOW 40 PSI: Unsafe, Secure engine or land at the nearest suitable airport using 
Minimum power required 



Figure 1. "Abnormal" checklist for low oil pressure (Source: Northern Thunderbird [NT] Air Q uick 
ReferenceH and book) 

The pilots decided that the approach would be flown normally, unless the oil pressure dropped 
below 40 pounds per square inch (psi), at which time they would follow the emergency 
checklist and single-engine procedures (Figure 2). These procedures include a 10- knot addition 
to the Vref speed 2 and feathering 3 the propeller. 



L" or "R OIL PRES LO 



Condition: OIL PRESSURE IS BELOW 40 PSI 

NOTE: If conditions do not permit engine shut down use min power required to sustain flight 



OIL PRESSURE GAUGE 


CONFIRM BELOW 40 PSI 


IF CONFIRMED 


SHUT DOWN ENGINE 



Figure 2. "Emergency" checklist for low oil pressure (Source: NT Air Quick ReferenceH andbook) 

The crew received a visual -approach clearance to Runway 26 left (26L) via the interception of 
the localizer. At about 7 nautical miles (nm) from the runway, at 1500 feet asl, ATC queried the 
crew concerning the need for deploying emergency equipment. The crew declined the 
deployment, reporting that everything was good for the moment. At 3.8 nm, with the runway in 
sight, the crew was cleared to land. 

Theflight was conducted without incident during the initial approach. Standard calls were 
made, which included the V RE f speed of 99 knots. At 3 nm from thetouchdown zone, theflaps 
were lowered to 30%. That was foil owed by lowering of the landing geartothedown-and- 
locked position. From approximately 45 seconds before the upset, the crew's activity increased. 
Theflaps were lowered to 60%. The ground proximity warning system (GPWS) announced the 
altitude above ground level in feet as "500." The speed was announced as "105 knots," then 
"Vref" (99 knots), and finally "V RE f minus 5." There was a change in the propeller noise and an 
immediate aircraft upset. The aircraft yawed left, rolled about 80° left, and pitched nose-down 



Vref is a landing reference speed based on the aircraft's weight and configuration, and is 
found on the approach checklist. 

Feathering refers to changing the position of a propeller to a blade pitch angle of about 90°, 
which minimizes resistance to airflow and thereby reduces the drag of a non-powered 
propeller during flight. 
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about 50°. As the aircraft dove toward the ground, the wings returned to a level attitude and the 
nose came up, reducing the pitch to 30° nose-down. By that time, the aircraft had collided with 
the ground. (SeeAppendixBforthefinal flight profileand events.) 

1.2 Injuries to Persons 



Table 1. Injuries to persons 









Fatal 


2 






2 


Serious 




7 




7 


Minor/ none 






3 


3 



The aircraft hit the ground on a major arterial road, just outside of the airport peri meter fence. 
The accident happened at a time when the traffic-light sequence provided a gap in traffic. 
Several people were stopped at the traffic lights, and helped rescue the passengers. Once the 
ai rcraft came to a rest, the passenger seated cl osest to the mai n door tri ed several ti mes to open 
thedoor before succeeding. That passenger then helped the next closest passenger out, and 
persons in the area helped all but 1 passenger out of the burning aircraft. The cockpit was 
farthest away from the door, and initial rescuers were not aware of the total number of persons 
on board. By the time 6 of the passengers were out of the aircraft, the fire prevented the initial 
rescuers from reaching the seventh passenger near the front of the aircraft. Having been 
informally notified of the accident, Richmond Fire-Rescue personnel arrived about 3minutes 
after the crash, from a f i re hal I about 700 meters from the acci dent site. They rescued the 
seventh passenger. The ai rcraft was across a ditch, just outside of the ai rport peri meter fence. A 
Vancouver Airport Authority fire truck arrived about 4 minutes after the crash, having been 
d i spatch ed by A TC . 1 1 w as abl e to sp ray th e w reckage f rom th e ai r port si d e of th e f en ce. A 
second ai rport f i re truck crashed through the gate of the ai rport peri meter fence to access the 
acci dent site. There was some confusion as to the total number of persons on board and how 
many pi lots there were; however, joint fire and rescue personnel extinguished the fire, cut the 
wreckage, and rescued the pilots. 

The aircraft's electrical wiring was arcing, and there was concern for personnel entering the 
wreckage even after the f i re was exti ngui shed . 

All of the occupants were transferred to hospital by ambulance services. Two persons from a car 
that was hit by the aircraft, and a cyclist who was nearly hit, were examined at the site and 
released. 

1.3 Damage to Aircraft 

The ai rcraft was destroyed by i mpact decel erati on forces and by f i re (see Secti on 1.12). 
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1.4 Other Damage 

The ai rcraft struck a streetl i ght pol e and a car that was travel I i ng on the road . The road su rf ace 
was damaged by fuel and oil spills, and by fire. A roadside sign was also damaged by fire. 

1.5 Personnel Information 

Records indicated that the crew members were certified and qualified for the flight in 
accordance with existing regulations. The captain held a Canadian airline transport pilot licence 
(ATPL), endorsed with a current group 1 instrument rating and a valid medical certificate. The 
FO held a Canadian commercial pilot licence (CPL), endorsed with a current group 1 
instrument rating and a valid medical certificate. 



Table 2. Pilot information 





Captain 


FO 


Pilot licence 


ATPL 


CPL 


Medical expiry date 


01 M ay 2012 


01 Feb 2012 


Total flying hours 


13 876 


1316 


Hours on type 


978 


85 


Hours, last 90 days 


184 


192 


H ours on type, last 90 days 


46 


65 


H ours on duty before occurrence 


2 


2 


H ours off duty before work period 


38 


20 



The captain was experienced in a variety of fixed-wing aircraft operations around theworld, 
including about 7200 hours in twin-engine turboprop aircraft 4 similar to the accident aircraft. 

TheFO had started aflying career 4 years previously, and had accumulated about 85 hours on 
the Beechcraft K i ng A i r 100 si nee joi ni ng the company d u ri ng the previ ous year. 

1.6 Aircraft Information 

1.6.1 Aircraft 

The Beechcraft Ki ng A i r 100 is a smal I , 
pressurized twin-engine turboprop aircraft that 
is often used in charter and corporate operations. 

The aircraft, C-GXRX (Photo 2), was configured 
to operate with 2 crew members and to carry up 
to 8 passengers, all facing forward. There was no 
partition between the passengers and the pilots. 
The Beechcraft King Air 100 is powered by Pratt 
and Whitney Canada (P&WC) engines. 




Photo 2. C-GXRX 



4 



A turboprop aircraft is one that derives most of its propulsive power from the thrust 
developed by a turbojet engine having a turbine-driven propeller. 
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Table 3. Aircraft information 





M anufacturer 


H awker Beechcraft 1 nc. 


Type and model 


King Air 100 


Year of manufacture 


1970 


Serial number 


B-36 


C erti f i cate of ai rw orth i n ess i ssu e d ate 


18July2001 


Total airframe time 


26 993 hours 


Enginetype(no.) 


P&WC PT6A-28(2) 


Propeller (no.) 


Hartzell HC-B3TN (2) 


Maximum allowable take-off weight 


118461b 


Recommended fuel type(s) 


JetAJetA-lJetB 


Fuel type used 


JetA 



1.6.2 Airworthiness 

Records indicated that the aircraft was certified, equipped, and maintained in accordance with 
existing regulations and approved procedures. The emergency locator transmitter had been 
removed for maintenance, and the aircraft was approved to operate without it. No defects were 
outstanding. 

1.6.3 Raisbeck M odifi cation 

The aircraft had been modified with the installation of a Raisbeck Engineering kit, which 
included the addition of aerodynamic devices and 4-bladed propellers. These modifications 
were part of a supplementary type certificate (STC) that was approved by Transport Canada 
(TC) and theUnited States Federal Aviation Administration (FAA). The operation of the aircraft 
was covered by the original Beechcraft Airplane Flight M anual, and the Raisbeck Engineering 
Airplane Flight Manual Supplement, P/ N 91-100/ A100. 

While the STC improved the aircraft's performance, the minimum speed to maintain control 
when operating with the critical engine 5 inoperative (V M c) increased from 81 knots to 85 knots. 
(See also Section 1.16.5.) 

1.6.4 Service Bulletins 

Service bulletins (SBs) are issued by aircraft, engine, and equipment manufacturers as advisory 
n oti ces al erti n g ow n ers an d en gi n eers to p robl ems requiringpreventiveor remed i al 
maintenance, modification, or improvement in product performance. SBs do not havethe legal 
force of airw orth in ess directives; however, P&WC has compliance guidelines listed by category 
numbers 1 to 10, with 1 being "before next flight" and 10 being "for information only." 



5 



"Critical engine" refers to the enginewhose failure would most adversely affect the 
performance or handling qualities of an aircraft. 
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The engines were subject to a manufacturer's SB, P&WC SB no. 1506R2, 6 which ad dresses the 
issue of leaving the oil reservoir filler cap unsecured. The SB was not adapted as an 
ai rw orth in ess directive by TC or the FA A. 

The SB had been initially issued in 1995 as a level 8 bulletin. In 2010, it was re-issued as a level 6 
bulletin. The SB stated in part: 

C. Reason 

To restri ct oil I oss i n the event that the oi I -f i 1 1 er-cap is not proper I y i nstal I ed 
in the locked position. 

NOTE: Incorporation of this service bulletin does not decrease the 
requirement to make sure that the oil-filler-cap is properly installed and 
secured prior to engine installation. 

D. Description 

The oil-filler-tube is replaced with an oil -filler-tube valve assembly with a 
ball type check valve. In addition, the oil quantity gage is replaced with a 
new or modified shortened oil quantity gage. 

E. Compliance 

CATEGORY 6- P&WC recommends to do this service bulletin when the 
subassembly (i.e. module, accessories, components, or build groups) is 
disassembled and access is avail able to the necessary part. Do all spare 
subassemblies. 

The accident aircraft was not modified as per the SB, nor was it required to be by regulation. 

1.6.5 Transport Canada Service D i fficu I ty Advisory 

TC recognized a possible issue with "loose, leaking, or missing oil filler caps" through analysis 
of the Service Di fficu I ty Reporting System, and asa result, issued a Service Difficulty Advisory 
in 2006 to owners of affected aircraft. In this advisory, 7 TC recommended that "all operators, 
maintainers, overhaul facilities and other interested parties comply with the... P&WC Service 
Information Letter and Service Bulletins..." and "following engine oil servicing, always double- 
check to ensure that oil caps are properly fastened." 

1.6.6 Weight and Balance 

The aircraft was within its operational weight limitations. It was loaded to about 700 pounds 
below its maximum gross take-off weight. The weight was distributed in a manner that placed 
the aircraft's centre of gravity close to the aft, butwithin its forward and aft limits. (See also 
Section 1.17.2.) 



P&WC SB no. 1506R2 is titled "Turboprop EngineOil Filler Tube and Oil Filler Cap and Gage 
Assembly: Replacement of." 

Transport Canada (TC) AV-2006-08: Service Difficulty Advisory, Pratt & Whitney Canada 
Engines EngineOil Filler Cap Security (2006) 
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1.7 M eteorol ogical Information 

Thesky conditions were mostly clear, and winds were light and variable. During the aircraft's 
final approach, the CYVR control tower reported wind from 260 5 magnetic at 5 knots. The 
smoketrail from the aircraft blew upwards and toward thewest southwest, indicating a light 
tail wind on the approach to Runway 26L. The temperature was 9^. Weather was not 
considered a contributory factor in this accident. 

1.8 A ids to N avigation 

Thediversion back to CYVR was accomplished using ATC radar vectors to intercept the 26L 
localizer for a visual approach. A ids to navigation were not considered a contri butory factor in 
this accident. 

1.9 Communi cations 

Theflightwasin communication with ATC and NT Air dispatch at all times. The aircraft was 
equipped with a global positioning system (GPS) tracking system that transmitted the aircraft's 
position every 6 minutes to the company's operations. 

1.10 Aerodrome Information 

CYVR islocated in the suburbs of Vancouver, on an island in the mouth of theFraser River, at 
sea I evd . It is a f ul l-service i nternati onal ai rport that supports major ai rl i nes. There are 3 
runway surfaces, of which 2 are parallel . The approach was accomplished on Runway 26L 
(Figure 3). Other airports in the vicinity include Pitt Meadows (CYPK) and Abbotsford (CYXX), 
as indicated in Figure 7. 

The acci dent f I i ght w as not 
del ayed by ATC at any ti me after 
the crew requested clearance to 
return to CYVR. There was no 
wake turbulence from aircraft in 
the vicinity that would have 
affected the accident fl i ght. 

1.11 Flight Recorders 

The aircraft was equipped with a 
cockpit voice recorder (CVR), 
which recorded the complete 
flight. 

There was no fl ight data recorder, 
nor was one required by regulation. 
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1.12 W reckage and I mpact I nformation 

The aircraft initially struck the ground with the nose wheel, which collapsed. Shortly thereafter, 
both of the propellers and the main landing gears struck the ground simultaneously. The main 
landing-gear assemblies broke off, and the right-wing outer section broke and overturned from 
theleading edge to the trailing edge. Fuel lines ruptured, and fuel was spilled onto the 
roadway, which erupted into fire. 

The aircraft skidded on its belly for 558 feet (170 metres) along a heavily travelled arterial 
roadway consisting of 6 lanes, and clipped a car travelling in the opposite direction. The right 
side of the nose section of the aircraft struck a streetlight polethat stood on the road's centre 
median. Subsequently, the nose and tail sections of the aircraft tore from the fusel age, staying 
attached only by the control cables. 

Thewreckage left a trail of fire that was consistent with spilled fuel ignited by the landing gear 
rubbing on asphalt. The right side of the aircraft burned more than the left side (Figure4). 

1.13 M edical and Pathological Information 

The investigation determined that therewas nothing to indicate that the pi lots' performance 
was degraded by physiological factors. 

1.14 Fire 

After the aircraft and engines stopped, 
the f i re was concentrated on the ri ght 
wing and in areas where the aircraft's 
electrical -system wiring was routed. The 
wiring converges to the cockpit area and 
would have been energized by the battery 
located in the right wing, until it was 
disconnected by the investigators hours 
later. The areas of thermal heat and fire 
damage mostly matched the areas of the 
aircraft's main electrical wiring (Figure4). 

Aircraft certified in Canada are not 
required to have a safety device that 
disconnects the battery i n the event of an 
accident. Battery-supplied electrical 
currents can cause arcing when energized 
circuits are damaged in accidents. 

There was evidence that the emergency 
oxygen system was compromised during 
the accident. Leaking oxygen supported 
an isol ated f i re i n an area above and 
behi nd the captai n's seat. The oxygen 

tank islocated in the rear of the aircraft, and isplumbed along the inside of the roof to the 
passenger and pilot locations. The system was found armed. It is normally armed by the crew 



Cockpit 




Figure 4. Battery-powered drcuitsand fire damage 
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before take-off, meaning that the oxygen tank valve is in the open position, and thelinesare 
charged with oxygen. 

1.15 Survival Aspects 

The Beechcraft Ki ng A i r 100 has 1 cabi n door, 
I ocated at the rear of the ai rcraft on the I eft 
side. Oneemergency exit window is located 
over the right wing. The cabin was configured 
with 8 passenger seats, all facing forward in 
rows, with a centre aisle. Figure 5 shows the 
cabin configuration and avail able exits. Fire was 
visible outside on the right, making the cabin 
door the only viable exit. The cabin door was 
opened with difficulty, as the door frame was 
deformed. All of the passengers and both pilots 
suffered injuries from the impact, and all but 1 
passenger had to be assisted to exit the aircraft. 
The captain was not wearing a shoulder harness. 



All of the persons on board sustained survivable 
injuries from the impact deceleration forces. The 
post-i mpact fi re compromised survi vabil ity. The 
pilots suffered severe burns and smoke 
i nhal ati on. The passenger seated closest to the 
cockpit suffered burns and the serious effects of 
smoke inhalation. 

1.16 Tests and Research 

1.16.1 Wreckage Examination 

Both propeller assemblies were examined in detail, but the only reliablefindings were that both 
propellers had damage consistent with normal 8 revolutions per minute (rpm) and were not 
feathered, and that the propeller hubs' internal scars were similar. 

Examination of the engines revealed that the I eft-engine oil -reservoir cap was unlatched 
(Photo 3). s 




1900 revolutions per minute (rpm) 

The cap is closed securely by a latching mechanism that requires one to twist a tab 90° and 
fold it down. 
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Photo3. Oil reservoircap, left engine Photo 4. Oil remaining, left engine 



Teardown examination of the right engine showed vertical-impact damage and rotational 
damage consistent with operation at low power (near idle). Discolouration marks from fire 
damage i nd i cated that about 7 1 itres of oi I remai ned i n the reservoi r after i mpact. 

Teardown examination of the left engine showed similar damage, consistent with operation at 
low power (near idle). Similar discolouration marks indicated that there was about 0.8 of a litre 
of oil remaining in the reservoir after impact. This amount, however, was sufficient to cover the 
oil pump inlet (Photo 4), meaning that oil was still bang supplied to the engine. 

Therewasno evidencein either engine of pre-i mpact damage or malfunction thatwould have 
limited power. 

Both the I eft and right engines displayed contact signatures to the r internal components that 
were characteristic of the engines producing power in a low power range, possibly at or near 
flight idle, at the time of impact. The right engine's signatures to the power turbine and power- 
turbine guide-vane ring were slightly more pronounced than for the I eft engine, and may 
suggest that the right enginewas at a slightly higher power level. 

The control surfaces, linkages, actuators, and cables all appeared to bein serviceable condition 
before impact. 

TheCVR, some flight instruments, and all engine instruments were removed and sent to the 
Transportation Safety Board (TSB) Laboratory for extraction of recorded data. TheCVR 
provided clear acoustic data from the pi lots' communications, the engine and propeller, and 
other system sounds. The instruments did not display any valuable information. 

1.16.2 Acoustic Examinations 

Analysis of the audio recordings from the cockpit revealed acoustic signatures that were 
consistent with the4-bladed propellers turning at about 1905 rpm and synchronized until just 
before the aircraft upset. There was a change in propeller sound; however, both propellers 
maintained about 1900 rpm. An engine igniter 10 was on throughout the descent, and continued 
through to the upset. 



Turbine engine igniters ignite the fuel for engine combustion. Engine igniters are armed for 
the flight, and automatically activate when engine torque drops below 425 foot-pounds. 
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1.16.3 EngineOil System (Pratt & Whitney PT6 series) 

Each engine has its own oil system that lubricates and cools the engine bearings, heats thefuel, 
and supplies the propeller governor with oil for its operation. The oil is stored in a reservoir 
that holds 8.7 litres. Normally, oil venting will be negligible. However, if the oil reservoir is 
overfilled, oil will leak out of the oil ventwhen the engine is operating. 

The engine oil-pressure pump picks up oil from the reservoir, and as long as the oil supply is 
not exhausted or interrupted, engine oil pressurewill be maintained. Engine-oil temperature 
may i ncrease as the oi I volume decreases, especi al ly if engi ne loads are hi gh. H owever, when 
the oil isdepleted, temperature indications are unreliable. When oil leaks from the high- 
pressure side of the system, there may be a reduction in oil pressure, and the amount of oil 
leaking may vary with engine power variations (i.e., there is decreased oil loss with decreased 
power). However, when theleak is from the low-pressure side (return lines and reservoir), 
engine power variations are unlikely to have any effect on the amount of oil lost. Engine 
shutdown may limit oil loss in this case. 

1.16.4 Propeller Control System 

Twi n-engi ne ai rcraft benefit from the use of a featheri ng propel I er-control system. This system 
al I ows the pi I ot to feather the propel I er i n the event of a I oss of power or other engi ne probl ems. 
Featheri ng the propel I er el i mi nates drag that woul d be caused by a w i ndmi 1 1 i ng, non-feathered 
propeller. The elimination of drag improves the aircraft's ability to be flown with 1 engine 
i noperati ve to the nearest suitabl e ai rport. 

The engine supplies oil to the propeller governor, which increases the oil pressure in the 
propel I er-control system. The increase in oil pressure offsets a counterweight and spring forces 
i n the propel I er hu b that feathers the propel I ers. Val ves control I ed by the pi I ot or speed sensors 
control propeller pitch and rpm. I n the event of an engine failure, the oil pressure in the 
propeller hub takes time to be depleted, so there is a mechanism for pi lots to dump that 
pressure to allow the propeller to feather quickly. Some aircraft are equipped with an auto- 
feathering system (triggered by low engine-compressor speed or torque). The accident aircraft 
was not equipped with an auto-feathering system. 

1.16.5 Asymmetrical Thrust 

On twin-engine aircraft where both engines turn clockwise, such as the Beech craft King Air 100, 
the left engine is considered critical (Footnote 5). When an engine becomes inoperative, ayaw 
effectwill develop. The yaw effect varies with thelateral distance from the aircraft's centreline 
to the thrust vector of the operati ng engine. This effect is ampl ified by the thrust produced by 
the operati ng engi ne. Due to the P-factor, 11 the ri ght engi ne devel ops its thrust vector further 
away from the ai rcraft's centrel i ne than does the I eft engi ne. The f ai I ure of the I eft engi ne w i 1 1 
result in a larger yaw effect from the operating right engine (Figure 6). 



P-factor is an aerodynamic phenomenon experienced by a moving propeller that is 
responsible for asymmetrical relocation of the propeller's centre of thrust when an aircraft is at 
a high angle of attack. 
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Figure 6. Asymmetrical thrust (Adapted from Figure 12-19, Airplane Flying H andbook, FAA-H-8083-3A 
[US Government Printing Office, Washington DC: 2004], page 12-28. Modifications by TSB.) 



1.16.6 Single-engineControl 

When thrust from engines off the centreline of an aircraft differs, control of yaw relies primarily 
on the tail's vertical stabilizer and rudder, and to a lesser extent, the ailerons. The effectiveness 
of these surfaces increases with speed. 

Mostmulti-engined, fixed-wing aircraft have a minimum control speed (V M c), which isthe 
minimumspeed atwhich the aircraft is directional I y controllable with the critical engine 
inoperative. Below V M c, a pilot may not beableto control the aircraft. V M c for the accident 
aircraft was 85 knots, based on the inoperative-engine propeller windmill ing, a 5° bank toward 
the operating engine, take-off power on the operating engine, retracted landing gear, flaps in 
the take-off position, and a most aft centre of gravity. 

Information on the mini mum speed atwhich directional control can be maintained with 
propellers not feathered and at normal rpm is not normally provided to flight crews. However, 
the propel I er manufacturer calcul ated the drag produced by the ai rcraft's 4-bladed propel ler, 
turning at about 1900 rpm, to be about 300 pounds. 

The application of asymmetrical thrust at low airspeed with both engines operating can result 
i n a I oss of d i recti onal control . 

In August 2012, AvioConsult, an experimental flight- test expert, published a review and 
recommendations for the improvement of the FA A A irplane Flying H andbook (FAA-H-8083-3A). 
The review specifically refers to Chapter 12 (Transition to MultiengineAirplanes), and 
recommends more comprehensive information for pilots to ensure understanding of the aspects 
of asymmetrical thrust that can lead to a I oss of control. Canadian publications are similarly 
I acki ng thi s val uabl e i nf ormati on . 
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1.16.7 Aerodynamic Stall 

An aerodynamic stall occurs when the angle of attack of a wing exceeds the critical angle at 
w hi ch the ai rf I ow begi ns to separate. When a wi ng stal I s, the ai rf I ow breaks away from the 
upper surface, and the amount of lift will be reduced to below that needed to support the 
wa'ght of the aircraft. While stal Is occur at a particular angle of attack, they can happen at a 
variety of ai rspeeds. H owever, those ai rspeeds can be esti mated for given conditions. 

Factual information from ATC radar and the CVR indicated that the aircraft was about 20 knots 
above the stal I speed, which was about 72 knots for the load factors present. Also, because the 
upset came with an apparent power increase, it was determined that a stal I was not the 
initiating event. 

1.17 Organizational and M anagement Information 

1.17.1 Company Flight Operations 

NT Air has been operating in British Columbia and the Yukon since 1971, beginning with off- 
strip operations in British Columbia's north with float- and ski -equipped aircraft. Since then, it 
has moved to a f I eet of Beechcraft 1900s, Ki ng A i rs and Cessna Caravans. N T A i r covers a I arge 
geographical area, providing charter and scheduled services, medical evacuations, corporate 
travel, and cargo hauls. 

1.17.2 Weight and Balance 

The company was authorized by TC to use a calculator referred to as a "CA VU SEE 
GEE"(SeeGee) to calculate the aircraft centre of gravity. The SeeGee calculations are quick and 
easy to prepare, and are fairly accurate compared to the values calculated with weights and 
moment arms. The SeeGee does not account for fuel val ues above 800 pounds. The SeeGee 
manufacturer built in compensation by moving theforeand aft limits of theweight-and-balance 
(W&B) envelope inward (Appendix D: Weight-and-balanceCalculations). 

The maintenance department did not list the current index value with each change in the empty 
W&B, so pilots had to calculate the index value based on the latest empty W&B change. The 
wrong empty W&B was used by the pi lots to calculate the index value, and whiletheW&B was 
within limits, it was incorrect. 

The aircraft's documented operating weight did not include the weight of equipment the 
aircraft normally carries, which comprised 53 pounds of equipment in the rear baggage area, 
and 31 pounds of equipment in the cockpit. Refer to Appendix D for the differences in 
calculations. 

1.17.3 Standard Operating Procedures 
1.17.3.1 P re-flight Inspections 

NT Air's Beechcraft King Air 100 standard operating procedures (SOPs) suggest that the captain 
delegate the pre-flight inspection of the aircraft. It does not elaborate on this inspection, but the 
manufacturer's pi lot's operating manual (POM), under Normal Procedures - Preflight, 
includes: "EngineOil - CHECK QUANTITY, CAP SECURE." 
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1.17.3.2 Checklists 

TheNTAirQuickReferenceHandbookd oes n ot ad d ress en gi n e oi I I eaks, bu t i t makes ref eren ce to 
low oil pressurein both the abnormal checklist and the emergency checklist (Figure land 
Figure 2). 

While both checklists suggest reducing power, neither cautions the pi lot about the effects on the 
minimum speed to be maintained when engine power is reduced, the propeller is not feathered, 
and asymmetrical thrust is applied. However, for single-engine operations, the emergency 
checkl ist notes that 10 knots is to be added to all Vr EF speeds. 

1.17.3.3 Stabilized Approaches 

TheSOPs make reference to stabilized approaches 12 after the final approach fix. The SOPs also 
specify the criteria of an unstabilized approach, and discuss when a missed approach should be 
conducted. However, those criteria set limits that would not trigger a missed approach until the 
ai rcraft has al ready exceeded the i nstrument approach standards set out i n the precedi ng 
paragraphs of the SOPs. TheSOPslacked clear direction on how the aircraft was to be 
configured for the last 500 feet, or what to do if an approach isstill unstablewhen 500feetis 
reached, specifically in an abnormal situation. 

1.17.4 Flight perations Training 

Turboprop-aircraft flight manualsand training programs do not include cautions regarding 
single-engine power application with the opposing engine not feathered and minimum control 
speed for conditions when a propeller is not feathered. 

All one-engi ne-i noperati ve trai ni ng scenari os gi ve pi I ots a cl ear i nd i cati on of an engi ne f ai I ure 
or the requirement to shut down an engine. In every case, itisclear that the pi I ots have to 
feather the propeller, with exception of auto-feather-equipped aircraft. All actions and data 
then assume that the failed engine propeller is feathered. 

There were no training scenarios that simulated an aircraft on approach, with low power and 
low speed and the critical engine(left) not responding to a power demand whilethe other 
engi ne (ri ght) responded . The cl osest trai ni ng scenari o f ound was engi ne f ai I u re d u ri ng a 
missed-approach procedure. This scenario also gives pilots a clear path of action that includes 
f eatheri ng the f ai I ed engi ne's propel I er. 



An approach isconsidered stablewhen the aircraft iscorrectly configured with flaps/ landing 
gear, is at the correct speed, and is at the appropriate altitude for the approach. If these 
conditions are not met, the approach is considered to be unstable. 
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1.17.5 Company M ai n ten an ce Practices 



NT Air performs maintenance on its aircraft as an approved aircraft maintenance organization 
(AM O). As part of theTC-approved maintenance control procedures, the director of 
maintenance, in coordination with the quality manager, reviewsall ADsand SBs for their 
appl i cabi I ity . A ppl i cabl e A Ds are mandatory; SBs are not. 

The overni ght mai ntenance-i nspection checkl i sts 
include "check engineoil level" as one of their tasks. 
This task i mpl i es removi ng the oi I reservoi r cap and 
replacing it; however, there is no check for verifying 
the security of the cap. The cap is difficult to see 
when closing the engine cow ling (Photo 5). 

The overnight inspection of the occurrence aircraft 
was performed by an apprentice aircraft 
maintenance engineer (AAME).TheAAME hired by 
the company was a graduate of a technical training 
institute. The apprentice had been working at NT 

Air for about 6 months, and had carried out several hundred similar overnight inspections 
before without issue. TheAAME was authorized to carry out this inspection without 
supervision; however, a licenced aircraft maintenance engineer (AM E) was required to sign- 
and did sign— that the inspection was completed. 




Photo 5. Oil cap hidden from normal view 



1.17.6 Safety M anagement System 



The company had asafety management system (SMS) in place; however, it was not required 
and not approved by TC. A fully functioning safety management process would be expected to 
rigorously challenge and validate any underlying assumptions about safety risks. The 
company's SM S had not identified company occurrences of oil reservoir caps being left 
unlatched. The SB had not been assessed by the company's SM S, nor had the company's SM S 
identified any other mitigation of the risks associated with unlatched oil -reservoi reaps. 



1.18 Additional Information 



1.18.1 Previously Identified Post-crash Fire Issues 



Post-impact fires have been documented as a risk to aviation safety in previous TSB 
investigations. As well, following TSB Safety Study SM A05-11, completed in 2006, theTSB 
concluded that requirements to consider and adapt counter measures in new aeroplane designs 
may significantly reduce the risk and incidence of post-impact fires in impact-survivable 
accidents. Therefore, in Recommendation A06-09, issued 29 August 2006, the Board 
recommended that, 



to reduce the number of post- impact fires in impact-survivable accidents 
involving new production aeroplanes weighing less than 5700 kg, 
Transport Canada, the Federal Aviation Administration, and other foreign 
regulators include in new aeroplane type design standards: 



methods to reduce the risk of hot items becoming ignition sources; 
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technology designed to inert the battery and electrical systems at 
impact to eliminate high-temperature electrical arcing as a potential 
ignition source; 

req u i rements f or p rotecti ve or sacr i f i ci al i n su I ati n g mater i al s i n 
locations that are vulnerable to friction heating and sparking during 
accidents to eliminate friction sparking as a potential ignition source; 

requirements for fuel system crash worth in ess; 

requirements for fuel tanks to be located as far as possible from the 
occupi ed areas of the ai rcraft and for fuel I i nes to be routed outsi de the 
occupied areas of the aircraft to increase the distance between the 
occupants and the fuel; and 

improved standards for exits, restraint systems, and seats to enhance 
survivabilityandopportunitiesfor occu pant escape. 

TC responded to this recommendation in N ovember 2006 and January 2007, but because these 
responses contained no action or proposed action thatwould reduce or eliminate the risks 
associated with this deficiency, the overall response to Recommendation A 06-09 was assessed 
as Unsatisfactory. 

The Board also found that there are a I arge number of smal I ai rcraft al ready i n servi ce, and the 
defences against post-impact fires in impact-survivable accidents involving these aircraft are, 
and will remain, in adequate unless counter measures are introduced to reduce the risk. The 
most effective ways to prevent post-impact fires in accidents involving existing small aircraft 
are to eliminate potential ignition sources, such as hot items, high-temperature electrical arcing 
and friction sparking, and to prevent fuel spill age by preserving fuel -system integrity in 
survivable crash conditions. Technology that is known to reduce the incidence of post-impact 
fires by preventing ignition and containing fuel in crash conditions may be selectively 
retrofitted to existing small aircraft, including helicopters certified before 1994. Therefore, in 
Recommendation A06-10, issued 29 August 2006, the Board recommended that, 

to reduce the number of post- impact fires in impact-survivable accidents 
involving existing production aircraft weighing I ess than 5700 kg, 
Transport Canada, the Federal Aviation Administration, and other foreign 
reg u I ators con d u ct r i sk assessments to d eter mi n e th e f easi bi I i ty of 
retrofitting aircraft with the foil owing: 

sel ected technol ogy to el i mi nate hot items as a potenti al i gniti on 
source; 

technol ogy desi gned to i nert the battery and d ectri cal systems at 
i mpact to el i mi nate hi gh-temperature el ectri cal arci ng as a potenti al 
ignition source; 

protective or sacrificial insulating materials in locations that are 
vulnerable to friction heating and sparking during accidents to 
eliminate friction sparking as a potential ignition source; and 

selected fuel system crashworthiness components that retain fuel. 
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TC responded to these recommendations in N ovember 2006 and January 2007, but because 
these responses contained no action or proposed action thatwould reduce or eliminate the risks 
associated with this deficiency, TC's overall response to Recommendation A06-10 was assessed 
as Unsatisfactory. 

A similar study was also conducted intheUnited States by the National Transportation Safety 
Board (NTSB) ^in 1980, which led to Recommendations A-80-90 to A-80-95. The status of 4out 
of these 5 recommendations is now listed as"Closed - Unacceptable Action." The only 
recommendation listed as "Closed - Acceptable Action" is A-80-094, which states: 

TheNTSB recommends that the Federal Aviation Administration: Assess 
the f easi bility of requiring the i nstal I ati on of sel ected crash resi stant fuel 
system components, made available in kit form from manufacturers, in 
existing general aviation aircraft on a retrofit basis and promulgate 
appropriate regulations. 

TheFAA started the rule-making process to introduce standards for fuel fittings; however, the 
process was stopped based on the results of the cost-benefit analysis. 

Whilefuelsou rces f or f i re are d i ff i cu 1 1 to contai n , some i g n i ti on sou rces may be more practi cal 
to isolate. There are several potential ignition sources in crash conditions, likefriction and 
component heat, sparks from metal contact, and electrical arcing. The source of electrical arcing 
can be overcome, and the automotive industry worldwide has done this by installing small, 
simple, and inexpensiveg-sw itches at battery connectors. These devices function by having 
switcheswith predetermined g-load activation that disconnect the current from the battery, 
thereby de-energizing the electrical system. Informal discussion with a major aviation battery 
manufacturer suggests that designing a disconnect switch for the battery is possible, and would 
make aircraft retrofit simple (i.e., involving replacement of the battery with a new type). It is 
important to note that de-energizing the battery also de-energizes electrical fuel-boost pumps 
that may be on. The combi nati on of pressurized fuel fl ow and conti nuous i gniti on can create a 
fire that is difficult to extinguish. 

1.19 Useful or Effective Investigation Techniques 

Information gathered from security cameras provided information on the preparation of the 
ai rcraft before the f I i ght. 



US National Transportation Safety Board (NTSB) Special Study Report NTSB-AAS80-2, 
General Aviation Accidents: Postcrash Fires and H ow to Prevent or Control Them (1980) 
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2.0 Analysis 

Except for the unlocked I eft-engine oil filler cap, examination of the wreckage revealed no pre- 
existing mechanical conditions that would have contri buted to the accident. Thefollowing 
analysis focuses on human factors, the operation of the ai rcraft, aerodynamic characterise cs of 
the aircraft, and crash survivability. 

2.1 EngineO il Leak 

Latching the oil reservoir cap after checking and adding oil is not specifically described in the 
Northern Thunderbird Air (NT Air) B- 100 overnight-inspection check sheet, butitisa 
requirement. It is likely that the oil cap was not secured or verified during completion of the 
overnight inspection. 

Before theflight, an oil puddle was discovered under the I eft engine after the aircraft was taxied 
to pick up the passengers at a different fixed-base operator (FBO). The crew was aware of this 
oil, but no further action was taken to determine the source. Overfilling the oil reservoir will 
cause oil to vent, but it could not be determined whether the captain thought that this was the 
cause. 

T h e i n vesti gati on d eter mi n ed th at, w h i I e a si gn i f i cant amou nt of oi I h ad I eaked f rom th e I ef t 
enginethrough theunsecured oil filler cap, enough remained to allow the engine and propeller 
to operate normally. 

2.2 Service Bulletin 

The non-mandatory modification cited in Pratt and Whitney Canada (P&WC) Service Bulletin 
(SB) no. 1506R2 could havelimited the oil loss from the left engine during the flight. The SB was 
not implemented, and no alternative actions were taken to mitigate the risk identified in the SB. 
While the engine manufacturer had identified enough occurrences of unsecured oil-reservoir 
caps to issue a SB, NT Air had not identified any issues within its operations, and did not 
implement the modification or otherwise address the issuethrough its safety management 
system (SMS). 

2.3 N orthern Thunderbird Air Beechcraft King Air 100 Standard 
Operating Procedures 

The company standard operating procedures (SOPs) call for the captain to delegate the daily or 
pre-flight inspection of the aircraft. However, it was the practice that the captain usually 
completed the pre-flight inspection. In this case, the captain did not perform a complete pre- 
flight inspection, which should have identified theunsecured oil cap. 

The crew reviewed the Low Oil Pressure checklist, but did not brief themselves on or fly the 
aircraft as per the "one-engine approach checklist," which included a 10-knot addition to the 
calculated landing reference (V RE f) speed. 

TheSOPsdidnotgive effective di recti ons for stabi I izi ng the ai rcraft before 500 feet above the 
touchdown zone, specifically in an abnormal situation. The V REF speed was based on full flaps, 
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and theflaps were still in transition when the upset occurred. Thefinal approach was not 
stabi I i zed for the I ast 500 feet. 

2.4 D i version Choice 

Because theoil leak was from the engine's oil reservoir, oil pressurewould notbelost 
immediately. If therewerean indication of declining oil pressure, it would go from normal 
pressure to no pressure quite quickly. This situation would allow the affected engineto operate 
normally until several litres of oil werelost.Thecaptain'sdecision to return to Vancouver 
International Airport(CYVR) was reasonable, given the aircraft's location (Figure 7). An 
emergency descent was not in order, given the problem. Using a normal descent profilefrom 
16 000 feet, the aircraft would have had to be flown away from the closer (in horizontal 
distance) aerodrome, Pitt M eadows (CYPK), or in circles to get down to it. Other aerodromes 
were no closer in flight time, and CYVR was also the best choice considering operational needs 
(home base). 




Figure 7. Flight track (Image: Vancouver Airport Authority. Modifications by TSB.) 
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2.5 Emergency/N on -emergency 

The crew of NT204had no indication of a problem identified as an emergency situation, and it 
was not normal to declare an emergency for an oil leak. The pi lots would have known that the 
oi 1 1 eak mi ght eventual I y become a probl em, and i t i s reasonabl e to concl ude that they w oul d 
have declared an emergency if the oil pressure had dropped below 40 pounds per square inch 
(psi). 

It was fortuitous that Richmond Fire-Rescue personnel wereinformed of the aircraft crash bya 
passerby who witnessed it, and the firefighters self-dispatched, arriving at the scene about 3 
mi nutes after the crash. The CY VR fi re and rescue personnel responded when ai r traffi c control 
(ATC) sounded the alarm after impact, and arrived at the scene 4 mi nutes after the crash. 

2.6 Aircraft Configuration and Control Speeds 

Therewas no published minimum control airspeed for the aircraft asitwas configured; all 
avail able information suggests that airspeed would havebeen more than 85 knots. The captain 
al I ow ed the ai rcraft to si ow bel ow the V RE f speed of 99 knots. 1 1 i s possi bl e that the captai n w as 
trying to reach the runway without adding power, and was trading airspeed for altitude. 

The aircraft had slowed below the V RE f speed and below the minimum speed to maintain 
directional control for its configuration during the final stages of the approach to land. The 
captain took action to regain V RE f speed by adding power; when power was added, it was likely 
added only to the right engine. Having the I eft engine at idle and the propeller not feathered 
caused the aircraft to yaw left due to asymmetrical thrust/ drag. The asymmetrical thrustwas 
compounded by the P-factor, as the angle of attack increased when the aircraft slowed. Because 
the airspeed was low, the rudder was not effective enough to arrest the yaw. 

These combi ned effects caused the aircraft to yaw left and roll, and to pitch down. 

The captain likely initiated a recovery by reducing the right engine's power. However, there 
was insufficient altitude to recover before colli ding with the ground. 

M ulti -engi ne-ai rcraft f I ight manual s and trai ni ng programs do not i ncl ude cauti ons and 
minimum control speeds for use of asymmetrical thrust in situations when an engineisat low 
power or the propel I er is not feathered . There is a risk that pi I ots wi 1 1 not antici pate ai rcraft 
behaviour when using asymmetrical thrust near or below these unpublished critical speeds, and 
will lose control of the aircraft. 

2.7 Passenger Safety 

The first officer's pre-flight passenger briefing instructions helped a passenger open thedoor, 
which proved to be the only viable exit. Thedoor was stuck closed, but eventually was opened 
from the inside. The emergency exit window was over the wing, and there was fire outside of 
that exit, making it unusable. 

2.8 Post- impact Fire 

Impact damage broke fuel lines and spilled fuel that ignited, causing significant fire and smoke. 
Some of th e f i re- d amaged areas match th e mai n el ectr i cal - w i r i n g areas of th e ai rcraft, possi bl y 
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because damaged wi ring powered by the battery supported fi re i n those areas. This hypothesis 
is supported by evidence that electrical arcing occurred until the battery was disconnected by 
investigators. 

Whilefuel sources for fire are difficult to contain, ignition sources are more practical to isolate. 
There are several sources of ignition, such as friction and component heat, sparks from metal 
contact, and electrical arcing. As previously identified in Transportation Safety Board (TSB) 
Safety Study SI I A05-11, without improvements in aircraft design, there is a high risk of post- 
i mpact f i res i gnited by el ectri cal arci ng after damage to ai rcraft. 

The source of electrical arcing can be mitigated by devices that function by having switches 
with predetermined gravitational acceleration (g-load) activation that disconnect the current 
from the battery, thereby de-energizi ng the ai rcraft's wi ri ng. 

Very few aircraft are designed with mechanisms to disconnect battery power when high 
deceleration forces are experienced. Without impact- related battery-disconnect systems, there is 
a risk of ongoing personal injury from post-impact fire. 

2.9 Weight-and- balance Calculations 

W h i I e th e ai rcraft d eparted w i th a w ei ght an d bal an ce (W & B) th at w as w i th i n the al I ow abl e 
envelope, the data used by the crew were erroneous. Errors in W&B calculations can cause 
ai rcraft to depart while outsi de of the al I owabl e W&B envel ope. 
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Findings 

Findings as to Causes and Contributing Factors 

During routine aircraft maintenance, it is likely that the I eft-engine oil -reservoir cap 
was left unsecured. 

There was no completepre-f light inspection of the ai rcraft, resulting in the unsecured 
engine oil -reservoir cap not being detected, and the left engine venting significant oil 
during operation. 

A non-mandatory modification, designed to limit oil loss when the engine oil cap is 
left unsecure, had not been madeto the engines. 

Oil that leaked from the left enginewhilethe aircraft was repositioned was pointed 
out to the crew, who di d not determi ne its source before the f I i ght departure. 

On final approach, the aircraft slowed to below VW speed. When power was applied, 
likely only to the right engine, the aircraft speed was below that required to maintain 
directional control, and it yawed and rolled left, and pitched down. 

A partially effective recovery was likely initiated by reducing the right engine's 
power; however, there was insufficient altitudeto complete the recovery, and the 
aircraft collided with the ground. 

Impact damage compromised thefuel system. Ignition sources resulting from metal 
friction, and possibly from the aircraft's electrical system, started fires. 

The damaged electrical system remained powered by the battery, resulting in arcing 
that may haveignited fires, including in the cockpit area. 

Impact- related injuries sustained by the pi lots and most of the passengers limited 
thei r abi I i ty to extri cate themsel ves from the ai rcraft. 
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3.2 Findings as to Risk 

1. M ulti -engi ne-ai rcraft f I i ght manuals and trai ni ng programs do not i nd ude cauti ons 
and minimum control speeds for use of asymmetrical thrust in situations when an 
engi ne i s at I ow power or the propel I er is not feathered . There i s a ri sk that pi I ots w i 1 1 
not anticipate aircraft behaviour when using asymmetrical thrust near or below 
unpublished critical speeds, and will lose control of the aircraft. 

2. The company's standard operating procedures lacked clear directions for how the 
aircraft was to be configured for the last 500 feet, or what to do if an approach isstill 
unstable when 500feet is reached, specifically in an abnormal situation. There is a 
demonstrated risk of accidents occurring as a result of unstabilized approaches below 
500 feet above ground level. 

3. Without isolation of the aircraft batteries foil owing aircraft damage, there is a risk 
that an energized battery may ignite fires by electrical arcing. 

4. Erroneous data used for weight-and-balance calculations can cause crewsto 
inadvertently fly ai rcraft outsideof the allow ablecentre-of-gravity envelope. 
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4.0 Safety Action 

4.1 Safety Action Taken 

4.1.1 N orthern Thunderbird Air Inc. 

On 27 December, 2011, Northern Thunderbird Air Incorporated issued an "OnlineTraining 
Centre" communication to all employees regarding pi lots electing to operate turbine engines on 
reduced (single-engine) power. The communication stated in part: 

Be warned that power settings below 500ft/ lbs torque in the Beech 1900s 
and 100s and below 10% torque in the Beech 350 may produce undesirable 
or uncontrollable yaw as airspeed decreases. 

Also on 27 December, 2011, the company issued a Beechcraft King Air 100 standard operating 
procedures bulletin that stated in part: 

. . . 130KTS shal I be mai ntai ned unti I the ai rcraft is: 

1. In final landing configuration; 

2. Is on final approach si ope to the runway; 

3. The airport visual reference is obtained; and 

4. The PF verbalizes "target Vref". 

4.1.2 Transport Canada 

Transport Canada isworking with the engine manufacturer to improve implementation of Pratt 
and Whitney Canada Service Bulletin (P&WC SB) no. 1506R2to mitigate the consequences of an 
unsecured oil filler cap. The implementation may include mandating the subject design change 
for this and other engines. 

4.2 Safety Concern 

4.2.1 Post-crash-fire Risk Reduction 

This accident highlights issues for which the Board has previously made recommendations 
addressed at reducing the risk of post-crash fires. A 2006 Transportation Safety Board (TSB) 
safety study of post-impact fires (Sll A05-01) identified that in 128 of 521 occurrences, fire or 
smoke i nhalati on contri buted to the cause of death or serious i njuri es. M ost of the acci dents 
w ere oth erw i se su rvi vabl e. 

Hot engine exhaust ducts, engine exhaust gases and flames, and hot engine parts were common 
"hot item" sources of ignition. There were 91 fire- related fatalitiesin accidents where a hot 
exhaust duct was the probable source of ignition, 32 fatalities associated with hot exhaust gases 
and flames, and 9 fatalities associated with hot engi ne parts. The primary defences against hot 
items becoming sources of ignition in crash conditions are to shield hot engine parts from 
f I ammabl e I i qui ds and prevent fuel spill age onto engi nes. A t present, there are no desi gn 
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requirementsthat reduce the risk of or defend against hot items becoming an ignition source for 
post-i mpact fi re i n smal l-ai rcraft acci dents. 

Electrical arcing, wires, and batteries were also common electrical sources of ignition. In 
acci dents where electrical arcing was a probable source of ignition, there were 104 fire-related 
fatalities. Electrical arcing has been identified asacommon post-impact-fire ignition sourcein 
other aviation reports and papers aswell, including theNTSB reportGeneral Aviation Accidents: 
Postcrash Fires and H ow to Prevent or Control Them (NTSB-AAS80-2). There are no regulatory 
requirements that specifically address the proximity of potential electrical -ignition sources to 
combustible material, or the control or suppression of impact- related electrical-ignition sources 
i n smal l-ai rcraft acci dents. 

Friction sparking occurs when ferrous metals, such as those used in landing-gear components, 
exhaust pi pes or ducts, and engi ne mounts, come i nto contact with hard surfaces, such as rocks, 
concrete, or asphalt. In acci dents where friction was a probable source of ignition, there were a 
total of 58 f i re-rel ated fatal iti es. The pri mary defence agai nst f ri cti on heati ng and sparki ng i s to 
insulate spark-producing ferrous metalswith non-ferrous materials, or otherwise protect the 
components so as to prevent direct contact with hard surfaces during accidents. There are no 
design requirements that reduce the risk of or defend agai nst friction becoming an ignition 
sou rce for post-i mpact f i re i n smal I ai rcraft. 

Therefore, in Recommendations A 06-09 and A 06- 10, issued 29 August 2006, the Board 
recommended that, 

to reduce the number of post- impact fires in i mpact- survivable accidents 
involving new production aeroplanes weighing less than 5700 kg, 
Transport Canada, the Federal Aviation Administration, and other foreign 
regulators include in new aeroplane type design standards: 

methods to reduce the risk of hot items becoming ignition sources; 

technology designed to inert the battery and electrical systems at 
impact to eliminate high-temperature electrical arcing as a potential 
ignition source; 

requirements for protective or sacrificial insulating materials in 
locations that are vulnerable to friction heating and sparking during 
accidents to eliminate friction sparking as a potential ignition source; 

requirements for fuel system crash worth in ess; 

requirements for fuel tanks to be located as far as possible from the 
occupied areas of the aircraft and for fuel lines to be routed outside the 
occupied areas of the aircraft to increase the distance between the 
occupants and the fuel; and 

improved standards for exits, restraint systems, and seats to enhance 
survivabilityandopportunitiesfor occu pant escape. 

and, 

to reduce the number of post- impact fires in impact-survivableaccidents 
involving existing production aircraft weighing less than 5700 kg, 
Transport Canada, the Federal Aviation Administration, and other foreign 



-27- 

regulators conduct risk assessments to determine the feasibility of 
retrofitting aircraft with thefollowing: 

selected technology to eliminate hot items as a potential ignition 
source; 

technology designed to inert the battery and electrical systems at 
i mpact to el i mi nate hi gh-temperatu re el ectri cal arci ng as a potenti al 
ignition source; 

protective or sacrificial insulating materials in locations that are 
vulnerable to friction heating and sparking during accidents to 
eliminate friction sparking as a potential ignition source; and 

selected fuel system crashworthiness components that retain fuel. 

This accident investigation revealed evidence of live battery-powered circuits after the aircraft 
cametoastop, and fire in areas I ike the cockpit, where electrical wiring is concentrated. Both 
pilots died from burn-related injuries. More needs to bedoneto reduce the risks associated with 
post-crash fires. 

The Board is concerned that if no action is taken by Transport Canada to address the 
recommendations made in the 2006 TSB Safety Study, SI I A05-1, ignition sources will remain 
and the risk of post-crash fire will persist. 



This report concludes the Transportation Safety Board's investigation into this occurrence. Consequently, 
the Board authorized therdeaseof this report on 26 June 2013. It was officially rdeased on 31 July 2013. 

Visit theTransportation Safety Board's website ( www.bst-tsb.gc.ca ) for information about the 
Transportation Safety Board and its products and services. You will also find theWatchlist, which 
identifies the transportation safety issues that pose the greatest risk to Canadians. In each case, theTSB 
has found that actions taken to date are inadequate, and that industry and regulators need to take 
additional concrete measures to diminate the risks. 
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5.0 Appendices 

Appendix A: List of Transportation Safety Board Laboratory Reports 

The foil owing Transportation Safety Board (TSB) Laboratory report was completed: 

LP 166/ 2011 - I nstrument Exami nati on 
This report is availablefrom the Transportation Safety Board of Canada upon request. 
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Appendix D : W ei ght-an d-bal an ce Calculations 



Centre of Gravity 

Lines depict empty to loaded travel of centre of gravity 




180.0 182.0 184.0 186.0 



188,0 190,0 



192.0 



Datum reference in inches 



